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A generalized model with three active and three sterile neutrinos is considered on the basis of
the experimental data, which allow existence of anomalies beyond the minimally extended Standard
Model with three active neutrinos with different masses. One of the sterile neutrinos is assumed
to be comparatively heavy versus the two others, that is corresponding to the (3+1+2)-model
of neutrino. The model parameters used for the description of oscillations of both active and
sterile massive neutrinos are given. In the approximation of CP conservation, the solar neutrino
oscillation characteristics together with the sterile neutrino contributions have been evaluated taking
into account the neutrino interaction with the matter inside the Sun. The results obtained are in
accordance with the observational data and can further be used for the description of neutrino
oscillations in astrophysical and terrestrial environments and in search of sterile neutrinos.
PACS numbers: 14.60.Pq, 14.60.St, 26.65.+t
Keywords: Neutrino oscillations; Mixing parameters; Neutrino oscillation characteristics; Sterile neutrinos;
Neutrino interaction with matter; The Sun
Introduction
Investigation of spectral characteristics of neutrinos emit-
ted from the Sun and Supernovae is among the basic
methods used for adequate description of the processes
occurring during the star evolution, as well as for under-
standing the fundamental properties of the neutrino. For
instance, the solution of the solar neutrino deficit prob-
lem with the Mikheev–Smirnov–Wolfenstein (MSW) ef-
fect resulted in experimental discovery of neutrino oscil-
lations, confirmation of the Standard Solar Model (SSM)
and existence of neutrino masses. Determination of val-
ues of neutrino mass characteristics and mixing param-
eters, as well as a number and nature of different types
of neutrinos is still an actual problem of the neutrino
physics. As is expected, an exhaustive solution of these
problems will be given in the Grand Unification The-
ory (GUT), for which a generally accepted version is not
currently available [1]. In a search of right direction
of further development and extension of the Standard
Model (SM) of the fundamental interactions and also
creating the GUT, the various phenomenological mod-
els of neutrino are under investigations. At that, the
obtained and expected results of both the carried out
and the planned experiments such as PLANCK, KA-
TRIN, GERDA, CUORE, BOREXINO, DoubleCHOOZ,
SuperNEMO, KamLAND–Zen, EXO, IceCube, etc., are
of decisive importance.
Among the obtained experimental results [2], one can
refer the indications on possible presence of new anoma-
lies for the neutrino and antineutrino fluxes in differ-
ent processes, which cannot be explained by the oscil-
lations of only three active neutrinos [3]. This result
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may be connected with existence of sterile neutrinos,
which are beyond not only the SM but also the mini-
mally extended Standard Model (MESM) with three ac-
tive neutrinos with different masses. Though the terres-
trial short-baseline neutrino experiments indicate the ap-
proximate value of the sterile neutrino mass scale about
1 eV [4], the observational data related to formation of
galaxies and their clusters can be explained if to suppose
existence of sterile neutrinos with masses of the order of
1 keV, which are candidate particles for dark matter [5].
However, in the recent paper [6], it is shown that the in-
clusion of the sterile neutrino with a mass about 0.5 eV
can help to resolve the tension between the Planck and
BICEP2 results. More details on possible existence of
sterile neutrinos and their characteristics can be found
in numerous papers (see, e.g., Refs. [7–10]). In the cur-
rent paper we restrict ourselves to sterile neutrinos with
masses of the order of 1 eV or lighter, which represent the
much current interest [5, 11, 12], especially for explana-
tion of indicated new anomalies for the electron neutrino
and antineutrino fluxes.
Sterile neutrinos, which do not interact with the known
fundamental particles, can be numerous, in principle.
At present, the most popular phenomenological schemes
with both active and sterile neutrinos are (3+1)- and
(3+2)-models [13] with one or two sterile neutrinos, so
the MESM can be called as the (3+0)-model. Until
now, it was sufficient to introduce only one or two sterile
neutrinos for description of the experimentally observed
anomalies for the neutrino fluxes. On the other hand,
if to take into account the possible existence of the left–
right symmetry of the weak interactions and to identify
the sterile neutrinos with SU(2)L-singlet right neutri-
nos, one can conclude that exactly three sterile neutri-
nos should exist [14–16]. If so, it is necessary to consider
the (3+3)-models. Models with three sterile neutrinos
were generally considered in Refs. [17–19]. In Ref. [11],
2a model with a light sterile neutrino with a mass of the
order of masses of active neutrinos was considered for
the description of solar neutrinos oscillations. The model
with three light sterile neutrinos for the description of so-
lar neutrino oscillations was considered in Ref. [20]. In
the current paper we consider the effect of three ster-
ile neutrinos on survival and appearance probabilities of
neutrinos emitted from the Sun in the phenomenological
(3+1+2)-model with one comparably heavy sterile neu-
trino and two light sterile neutrinos with masses of the
order of minimal mass of active neutrinos [14, 15]. This
model is attractive both from the theoretical point of
view and due to the good compatibility with the recent
experimental data. Nevertheless, the number of sterile
neutrinos can be reduced in the framework of the model,
if it will be strictly required for the better accordance
with the existing data on cosmic microwave background
radiation and its fluctuations [21, 22]. However, the pos-
sibility always exists to keep the number of sterile neu-
trinos just equal to three with the help of reducing the
couplings between the sterile and active neutrinos and,
possibly, refusing the thermal equilibrium condition be-
tween the sterile neutrinos and other relativistic parti-
cles in the early Universe [23–26]. For example, it was
shown in Ref. [27] that, if the peak of production rate of
sterile neutrinos occurs during a non-standard cosmolog-
ical phase, the relic number density of sterile neutrinos
could be reduced with respect to the number expected
in the standard cosmology. So, sterile neutrinos, which
could explain the anomalies found in the short-baseline
neutrino experiments, can be compatible with the recent
joint Planck/BICEP upper limits on their contribution
to the energy density of the Universe.
Oscillations Characteristics of the Dirac and
Majorana Massive Neutrinos
As is well known, the oscillations of the solar, atmo-
spheric, reactor and accelerator neutrinos can be ex-
plained by mixing the several neutrino states with dif-
ferent masses. It means that the flavor states of neutrino
are the mix, at least, of three massive neutrino states, and
vice versa. The active neutrino mixing is generally de-
scribed by the 3×3 Pontecorvo–Maki–Nakagawa–Sakata
matrix UPMNS ≡ U = V × P , which enters the rela-
tion ψαL = UαiψiL, where ψαL and ψiL are the left chi-
ral flavor and massive neutrino fields, respectively, with
α = {e, µ, τ} and i = {1, 2, 3}, and summation over re-
peated indices is implied. The matrix V can be written
in the standard parametrization [1] as
V =

 1 0 00 c23 s23
0 −s23 c23

×

 c13 0 s13e−iδCP0 1 0
−s13eiδCP 0 c13


×

 c12 s12 0−s12 c12 0
0 0 1

 , (1)
through the quantities cij ≡ cos θij and sij ≡ sin θij , and
with the phase δCP (the Dirac phase) associated with
the CP violation in the lepton sector. The 3 × 3 matrix
P is the diagonal one, P = diag{1, eiαCP , eiβCP }, with
αCP and βCP the additional CP-violating phases (the
Majorana phases).
The experimental data obtained in the neutrino oscilla-
tions experiments give evidence of violation of the conser-
vation laws for the leptonic numbers Le, Lµ and Lτ and,
besides, by virtue of deviation from zero of two oscilla-
tion parameters ∆m212 and ∆m
2
13 (with ∆m
2
ij = m
2
i−m2j ,
where mi are the neutrino masses) they clearly point to
existence at least of two nonzero and different neutrino
masses. Below, we present the experimental values of the
mixing angles and the oscillation mass parameters, which
determine three-flavor oscillations of the light active neu-
trinos. Together with the standard uncertainties on the
level of 1σ, these data obtained as a result of a global
analysis of the latest high-precision measurements of the
oscillation parameters are as follows [2]
sin2 θ12 = 0.304
+0.013
−0.012 , (2a)
sin2 θ23 =
{
NH : 0.452+0.052−0.028
IH : 0.579+0.025−0.037
, (2b)
sin2 θ13 =
{
NH : 0.0218+0.0010−0.0010
IH : 0.0219+0.0011−0.0010
, (2c)
∆m221/10
−5eV2 = 7.50+0.19−0.17 , (2d)
∆m231/10
−3eV2 =
{
NH : 2.457+0.047−0.047
IH : −2.449+0.048−0.047
. (2e)
Since only the absolute value of ∆m231 is known, it is
possible to arrange the absolute values of the neutrino
masses by two ways, namely, as a) m1 < m2 < m3 and
b) m3 < m1 < m2. These two cases correspond to so
called the normal hierarchy (NH) and the inverted hier-
archy (IH) of the neutrino mass spectrum, respectively.
Unfortunately, the CP-violating phases αCP , βCP and
δCP , as well as the neutrino mass absolute scale are un-
known at present. A few neutrino experiments at small
distances (or, more exactly, at distances L, for which the
numerical value of the parameter ∆m2ijL/E, with E the
neutrino energy, is of the order of unity) indicate the
possible existence of sterile neutrinos with masses of the
order of 1 eV [3]. These neutrinos are involved to explain
a series of experimental data, which cannot be explained
within the three-flavor model of mixing of active mas-
sive neutrinos. Firstly, it is so called LSND/MiniBooNE
anomaly [28, 29]. Besides, more accurate calculations
of the spectra of reactor antineutrinos were recently car-
ried out [30] that results in the higher calculated val-
ues of fluxes of these particles. Hence, the experimental
data indicate the deficit of antineutrinos under the mea-
surements of their flux at distances from the source less
than 100m. Such distances are considered as small ones
and the experiments at such distances are called as SBL
(short-baseline) experiments. Possible deficit of reactor
antineutrinos at small distances is known now as the re-
actor anomaly [31] (see also Ref. [32]). Similar anomalies
were observed also under calibration measurements for
3the experiments SAGE and GALLEX. Such anomalies
generally called as gauge or gallium ones [33–35]. The
typical values of ∆m2 for the expected sterile neutrinos
in all these cases are of the order of 1 eV2. Thus, cur-
rently discovered three types of anomalies for neutrinos
fluxes (reactor, gallium, LSND/MiniBooNE) can be in-
terpreted as evidences on the level of about 3σ for the
existence of sterile neutrinos with masses of the order of
1 eV. However, the additional experimental verification
of these anomalies still requires. A list of proposals for
future experiments can be found in Ref. [7].
For the neutrino flavor fluxes inside the Sun, the sterile
neutrinos can be the reason for the exceeding of the elec-
tron neutrinos yield in the transition region of neutrino
energies about of a few MeV. This excess is detectable as
is seen from the Borexino data [36].
The Main Statements of the Phenomenological
(3+1+2)-Model of Neutrino
Let us consider the formalism of neutrino mixing for the
generalized model of weak interactions, in which there are
three active neutrinos and three sterile neutrinos, that is
the (3+3)-model [14, 17–19]. This model can be easily
reduced to the (3+2)- or even (3+1)-model by reducing
the number of sterile neutrinos. Different types of sterile
neutrinos will be distinguished by indexes x, y and z,
while the additional massive states will be marked by
indexes 1′, 2′ and 3′. The complete set of indices x, y
and z will be denoted by s, and the set of indices 1′,
2′ and 3′ will be denoted by symbol i′. Then, the 6 × 6
mixing matrix U˜ can be represented by four 3×3 matrices
S, T , V and W , so that(
να
νs
)
= U˜
(
νi
νi′
)
≡
(
S T
V W
)(
νi
νi′
)
. (3)
Neutrino masses will be given by a set {m} = {mi,mi′},
where {mi} for the active neutrinos will be placed in
a direct order as {m1,m2,m3}, while {mi′} for the
sterile neutrinos will be placed in a reverse order as
{m3′ ,m2′ ,m1′}. Note that unitary matrix U˜ will not
be considered here in the most general terms (see, e.g.
Ref. [37]), but we restrict ourselves only to some spe-
cial cases involving additional assumptions. Because CP
violation in the lepton sector is not yet discovered exper-
imentally [1], we will consider the elements of the mixing
matrix as real. Based on the available data of the cosmo-
logical and laboratory observations, we can assume that
the mixing between the active and the sterile neutrinos
is rather small. Besides, as a basis of the massive sterile
states we choose such states, for which the matrix W is
the unit matrix. By leaving in the unitarity condition
only the first-order terms, which are compared to the
matrix elements of the small matrices b and ∆UPMNS
introduced below, we can write the matrices S, T and V
in the form of
S = UPMNS +∆UPMNS , (4a)
T = b , V = −bT × UPMNS . (4b)
The contributions from the matrix elements of ∆UPMNS
in fact are already allowed for by the experimental uncer-
tainties of the matrix UPMNS itself. In the framework of
the (3+1+2)-model, the matrix b in the cases of normal
and inverted hierarchies can have a rather general form
as
bIH =

 γ γ′ γ′β β′ β′
α α′ α′

 , bNH =

 α′ α′ αβ′ β′ β
γ′ γ′ γ

 . (5)
In the present paper we choose the particular forms of the
matrices bIH and bNH , while more general forms given
in Eqs. (5) will be inspected during the further elabo-
ration of the model. Taking into account that for the
explanation of the existing anomalies in neutrino fluxes
the corrections to the flavor neutrino states νe and νµ,
which are associated with the most massive sterile state,
are of main interest, we restrict ourselves by the matri-
ces bIH and bNH for the IH-case and for the NH-case,
respectively, in the following forms:
bIH =

 γ δ δβ δ δ
α 0 0

 , bNH =

 0 0 αδ δ β
δ δ γ

 . (6)
Here, on the basis of the available experimental con-
straints [7–9, 35, 38], the quantities α, β, γ and δ should
be the small ones and less in the absolute values than
approximately 0.2. For instance, in Ref. [39], it has been
assumed that the active–sterile reactor mixing could have
the same origin and its values are of the order of the
Cabbibo mixing λC ≈ 0.2. As is seen from Eq. (6), the
parameters α, β and γ are responsible for the mixing of
the active neutrinos with the heaviest massive sterile neu-
trino, while the parameter δ is responsible for the mixing
of the active neutrinos with the two light massive sterile
neutrinos. In addition, marking out among the masses
of sterile neutrinos the greatest one, we will assume that
the masses of the other sterile neutrinos are less, at least,
by one order of magnitude. So, the effect of mixing with
nonzero δ is the characteristic feature of the (3+1+2)-
model (see Refs. [14–15], and below) as compared with
the (3+1)-model, which corresponds to the case of δ = 0.
Due to the phenomenological character of our model,
we can choose any neutrino mass values, in principle,
which are in agreement with the available experimental
data. But below we give some arguments in favor of the
particular chosen values. As is known, the problem of
the origin of the masses of fundamental fermions, which
are very different by their mass values, remains still un-
solved. In the framework of the MESM, these masses
arise due to Yukawa couplings between the fields of the
fundamental fermions and the Higgs field. However, the
values of the neutrino masses are very small, so probably
a mechanism of their appearance is basically related to
the Majorana nature of neutrinos. In this case, the main
task is to determine the special mechanism of generation
of the masses of Majorana neutrinos. In the absence of a
4satisfactory theory of this phenomenon, the problem was
considered at a phenomenological level by many authors
[14, 15, 40–43]. Basically, we will admit the correspon-
dence between the scale of the minimal neutrino mass
and the “linear scale” of the Universe vacuum density
[21, 22], that is the fourth root of the vacuum energy
density expressed in terms of eV4. In the zeroth approx-
imation, three neutrinos become degenerate in mass at
picked scale both in the NH-case and in the IH-case [14,
15]. But of course, this is only approximate degeneracy,
and one can use, for instance, the following absolute val-
ues of masses of the light active neutrinos mi (i = 1, 2, 3)
given below in Eqs. (7) and (8) in eV, for the NH-case
and the IH-case, respectively:
m1 ≈ 0.0015 , m2 ≈ 0.0088 , m3 ≈ 0.0497 , (7)
m1 ≈ 0.0496 , m2 ≈ 0.0504 , m3 ≈ 0.0020 . (8)
Mass estimates for the right neutrinos Mi for these two
(NH and IH) cases result in the following values given in
eV in Eqs. (9) and (10), respectively:
M1 ≈ Λ1 , M2 ≈ 0.002 , M3 ≈ 0.002 , (9)
M1 ≈ 0.002 , M2 ≈ 0.002 , M3 ≈ Λ3 , (10)
where Λ1,3 are the free parameters, which we choose
here to be of the order of 1 eV for the sterile neutrino
mass scale in accordance with Refs. [5, 11, 12]. However,
nothing prevents one from choosing other values of Λ1,3,
which do not contradict to the existing experimental lim-
its. For example, Λ1,3 can take the values from 0.1 eV up
to 10 keV. However, the value of 1 eV for the mass of the
heavy sterile neutrino will be considered as the base case.
As was noted above, it is possible to compare the right
neutrinos νRi (i = 1, 2, 3) with the massive sterile neu-
trinos νi′ (i
′ = 1′, 2′, 3′), that is to equate the masses
Mi and the masses mi′ . Thus, the model includes three
sterile neutrinos, the two being very light, and one sterile
neutrino is a relatively heavy with the mass of the order of
1 eV, corresponding to the (3+1+2)-model [14–15]. Due
to the tiny mass values of three lightest neutrinos (one ac-
tive and two sterile), it is convenient in some cases to use
the limiting version of the (3+1+2)-model, when their
masses are equal to zero. This model can be reduced, if
necessary, to the (3+1+1)-or even to the (3+1)-model by
excluding the required number of light sterile neutrinos.
Oscillations of Active and Sterile Neutrinos
Inside the Sun
Firstly, let us write the well-known equation for the am-
plitudes of the neutrino propagating in the medium in
the case of three active neutrinos [44]:
i∂r

 aeaµ
aτ

=

 U2E

m21 −m20 0 00 m22 −m20 0
0 0 m23 −m20

UT
+


√
2GFNe(r) 0 0
0 0 0
0 0 0





 aeaµ
aτ

 , (11)
where m0 is the lowest value of the neutrino masses, that
is m1 for the NH-case and m3 for the IH-case, and Ne(r)
is the electron density in the medium, where neutrino
propagates.
Generally, when the number of different types of neu-
trinos is 3 + N , via the mixing matrix U we can de-
fine a matrix ∆˜m2 = U˜∆m2U˜
T , with ∆m2 = diag{m21 −
m20,m
2
2−m20, . . . ,m23+N−m20}, wheremi (i = 1, 2, . . . , 3+
N) are the neutrino masses and m0 is the smallest
among the neutrino masses mi. In the case of general
(3+3)-model, we obtain the following equation replacing
Eq. (11):
i∂r
(
aα
as
)
=
[
∆˜m2
2E
+
√
2GF
(
N˜e(r) 0
0 N˜n(r)/2
)](
aα
as
)
,
(12)
where N˜e(r) and N˜n(r) are the 3× 3-matrices presented
below:
N˜e(r) =

 Ne(r) 0 00 0 0
0 0 0

 , N˜n(r) = Nn(r)

 1 0 00 1 0
0 0 1

 .
(13)
Solving Eq. (9) inside the Sun with the use of the
electron density Ne(r) and the neutron density Nn(r)
obtained in the standard solar model (SSM) [45, 46],
and then performing the local averaging in each point
of the solutions obtained, which oscillate very rapidly
as a function of the radial variable r, we can find the
smooth averaged survival probability of the electron neu-
trino and the appearance probability of another neu-
trino flavors against the distance r from the center of
the Sun for different neutrino energies. Although only
P (νe → νe), as well as the sum over all the active neutri-
nos P (νe → νe) + P (νe → νµ) + P (νe → ντ ) are observ-
able, we will present below the transition probabilities
of different neutrino flavors for the theoretical studying
of this model. Of main interest here are the mean yield
probabilities Pi (i = e, µ, τ, x, y, z) of the neutrinos fluxes
for different flavors, both active and sterile, just on the
surface of the Sun, which are shown in Figs. 1–3.
For example, Figs. 1 and 2 show the neutrino energy
dependence of the electron neutrino survival probability
and the appearance probability of muon and tau neutri-
nos in the energy range from 0.85 to 15MeV for the NH-
case and the IH-case, respectively. For these model calcu-
lations, the concrete values in eV of the masses of sterile
neutrinos were used, namely, as m1′ = 1, m2′ = 0.0022
and m3′ = 0.0024 for the NH-case, while for the IH-case
they were m1′ = 0.0020, m2′ = 0.0022 and m3′ = 1.
Note that these values are in complete agreement with
the estimations given above in Eqs. (9) and (10). At
the same figures, for comparison, the same quantities ob-
tained in the model with only three active neutrinos, that
is in the absence of contributions of sterile neutrinos are
also shown. It can be seen from the Figs. 1 and 2 that
in the model with sterile neutrinos for the IH-case of
the neutrino mass spectrum, the electron neutrino sur-
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FIG. 1. The mean probabilities Pi for the NH-case of the yield
of three different types of active neutrinos on the Sun surface
versus the neutrino energy (a) in the model with only three
active neutrinos and in the (3+1+2)-model of both active
and sterile neutrinos with the parameters α = 0.02, β = 0.05,
γ = 0.05 and δ = 0.01, and (b) in the (3+1+2)-model with
δ = 0.03 and 0.05, the other parameters are the same.
vival probability increases in the energy range from 2 to
15MeV with increasing the δ-values (see Fig. 2b), while
for the NH-case (Fig. 1b) there is no such effect. This re-
sult for the IH-case discriminates between the (3+0)- and
(3+1+2)-models and is more close to the observational
data obtained [36, 44, 47] than the result of the (3+0)-
model with only three active neutrinos. The observa-
tional data in the transition region are seemingly higher
than the theoretical predictions based on the MSW-effect
with only three active neutrinos. However, involving the
three sterile neutrinos, when the active neutrinos are in
the inverted hierarchy, can improve the agreement be-
tween the theory and the observational data. So, it can
be interpreted in favour of existence of three sterile neu-
trinos, as well as necessity of their further search (see,
for example, Ref. [48]). Thus the presence of the sterile
neutrinos affects differently the electron neutrino yield
in the IH-case and in the NH-case. Preference of the
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FIG. 2. The mean probabilities Pi for the IH-case of the yield
of three different types of active neutrinos on the Sun surface
versus the neutrino energy (a) in the model with only three
active neutrinos and in the (3+1+2)-model of both active
and sterile neutrinos with the parameters α = 0.02, β = 0.05,
γ = 0.05 and δ = 0.01, and (b) in the (3+1+2)-model with
δ = 0.03 and 0.05, the other parameters are the same.
IH-case, that is the inverted hierarchy for the active neu-
trinos masses, was also noted in Ref. [18] under condi-
tion, when the µ–τ -symmetry of the neutrino mass ma-
trix takes place.
The probabilities of appearance of the sterile neutrinos
are shown in Fig. 3 for both (IH and NH) cases. For the
IH-case, they are by 1÷2 orders of magnitude higher than
the appearance probabilities for the NH-case, except for
the neutrino energy range from 10 to 15MeV. For the
heavy sterile neutrino, the appearance probability Px in
the IH-case is practically the same for two values 0.01 and
0.05 of δ, that is hardly dependent on δ in this range, and
the same is also hold for the probability Pz in the NH-
case. On the other hand, the appearance probabilities of
other two light sterile neutrinos are strongly δ-dependent.
This is the interesting feature of the (3+1+2)-model.
Also, it was checked how the main result of this pa-
per (i.e., increasing the solar electron neutrino survival
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FIG. 3. The mean probabilities Pi for the IH-case (a) and
the NH-case (b) of the yield of three different types of sterile
neutrinos on the Sun surface versus the neutrino energy in
the (3+1+2)-model with the parameters α = 0.02, β = 0.05,
γ = 0.05, and δ = 0.01 and 0.05. The probabilities Px for the
IH-case and Pz for the NH-case are practically the same for
the two values of δ.
probability in the transition region in the IH-case due to
the contribution of light sterile neutrinos) does change if
the masses of sterile neutrinos are varied. The variation
of the mass value of the heavy sterile neutrino practi-
cally has no impact on this effect, while the variation
of masses of two lightest sterile neutrinos has a slight
influence. For instance, in the limiting version of the
(3+1+2)-model, when masses of two lightest sterile neu-
trinos exactly equal to zero, we obtain only insignificant
changes of the results obtained, so one can use this ver-
sion for the model estimations. On the other hand, as was
stated above, the solar electron neutrino yield is sensitive
to variation of the mixing parameters.
Conclusion
Properties of neutrinos are very mysterious and intensive
theoretical and experimental studies are required to de-
termine the nature and characteristics of these unusual
elementary particles. Construction and development of
adequate phenomenological models of neutrinos, which
generalize the SM in the neutrino sector, is one of the
ways for the prediction of new experimental results and
also searching the GUT. It is therefore of great interest to
verify existence of sterile neutrinos, which can be rather
different in their masses, to determine their number and
absolute mass scales for both active and sterile neutrinos.
In this paper, the phenomenological (3+1+2)-model
was used to demonstrate the properties of the neutrino
oscillations inside the Sun among the three active and
three sterile neutrinos. While considering the oscillations
of active and sterile neutrinos in the solar medium, the
density profiles of the electrons and neutrons obtained
in the SSM [45, 46] were used. The calculations show
that the resonance effects in the solar medium with the
involved sterile neutrinos result in increasing the elec-
tron neutrino survival probability at energies higher than
2MeV in the case of inverted hierarchy of the mass spec-
trum of active neutrinos. Thus, the solar sterile neutrinos
discriminate between the IH-case and the NH-case. The
results obtained do not contradict to the observational
data and support further search of the effects of sterile
neutrinos both in the laboratory and in the astrophysical
investigations. Note that the used values of the param-
eters of the (3+1+2)-model are rather approximate and
have been chosen only for demonstration of the effects
from the sterile neutrino contributions. Moreover, the
model allows us to reduce the number of sterile neutri-
nos in the case if the model-independent experimental
constraints on their number will be established. The aim
of the present paper is to prove the principal applicability
of the (3+1+2)-model to the description of the neutrino
fluxes of different flavors from the Sun. More detail inves-
tigations will be done elsewhere within the modification
of the considered model on the basis of new data from
the solar neutrino observations.
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